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* A company focussed on HPC tools
— DDT - the easiest tool for debugging parallel codes at every scale

— OPT —instruments code to find bottlenecks
— DDTLite — plug-in for Visual Studio 2008

 Significance of previous graph?
— Everyone aspires to have code running on more cores
— No-one can debug whole-machine jobs on any of these systems
— How many systems next year ...?
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DDT for everyone

Session Control Select Search View Help

HCurrem Group:| All ~| Focus on current: ¢ Group @ Process ( Thread ‘]’ Step Threads Together

e o Scalar features
I CCOEOEEEOEEE — Advan ++ and STL
User Defined 1 EEEEEEE d a Ced C a d S

e 08 B — Fortran 90, 95 and 2003: modules,

VUIU D AL,

FProject Fil : MPI_Status s‘tatus; % Return status for receive aI Iocatable data’ pOi nte rS’ derived types
#-E3Source Tree t2 = malloc(sizeofitypeThree));

+-EHeader Files . M d b .
+-E4Source Files for{p=0,p<100;p++) el I IO ry e u g g I n g
9 bigArray[p]=80000+p;
 ="moavia . ) )
& ddtHEAD-Fedora-5-i686 for (i = OF‘1 i a LO
+pc.c

H “ o Multithreading & OpenMP features

— Step, breakpoint etc. one or all threads

Projecl = @E’ﬁ = %[ﬁ)[ﬁ)ﬂmnnn :1@83!

o = - * MPI features
& ” — Easy to manage groups
— Control processes by groups
u — Compare data
— Visualize message queues (not Cray!)
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Memory Debuggin
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Session Control Search View Help

B R O S -
4 I | 2]
User Defined 1 EI EIEHI]IEE

Create Group ) . Current Memory Usage .

Process Thread Step Threads Together

2|2 [ =

Project Fil BE
oject Files @® @ hello.c X Graphical View | Table view |
VOIS

5
Y

MPI_Status status; * Total Across Processes (in Bytes) Cument Usage Across Processes (in Byfes)

900,000
1

EglProject Files 5
+ E¥Source Tree 5 t2 = malloc(sizeoftypeT!
+-EJHeader Files
+-EJSource Files

DDT - Pointer Details

for{p=0;p=< 100;p++)
bigArray[p]=80000+p;

Pointer. 0241215000
199360 bytes

for{x=0;x<12;x++) Size:
forly=0;y=<12;y++)
tables[x][y] = (x+ 1)

This pointerwas allbcated at:

MPI Init(&arge, &argv); Stmck f
MPI_Cornm _rank{MPI_COI ame __Distributed Debugging Tool _
MPI_Comim_size{MPI_CO #0 (0480906ef = =
1 D+80307a7 PmesseS ed in viprintf from /lib/libc.50.6 with signal SIGSEGY
N 5 rogram stopped in vfprintf from /lib/libc.s0.6 with signal L
. #2 trisol.f30:40 Reason/Origin: address not mapped to object
dynamicArray = malloc(s| #3 Dx204d2ed Your program will probably be terminated if you continue.
for{x=0;x=< 10000;x++) You can use the stack controls to see what the process was doing at the time.
i ) » ¥ Always show this window for signals Leoend
ynamicArray[x] = x% Allocation Details = = Largest set (bytes)
. Bz Goatnuelj]i 2nd largest set (bytes)
= 3rd largest set (bytes)
. . 'tr: 0%41215000, siz 41 largest set (bytes)
¢ printf(*rmy rank is %din", it 0541246000, size ] Sth largest set (bytes)
PPN tr. 0441247000, size: Other llocafions (bytes)
K v (4]
Input/Output* ‘ Breakpoints ‘ Watches Stacks (User O Glicking on one of the above lines will jurmp to that bcation in yourcode
Stacks (User Defined 1)
Procs Threads Function
(10— 10 i (helo.c:85)

I I I I I I I I

Process4 Process6  Process2  Process 3 ProcessS Process?  Process 1 Process0
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a“inea Full-strength Debugging

« Many benefits to graphical parallel debuggers
— Large feature sets for common bugs
— Richness of user interface and real control of processes

 Historically all parallel debuggers hit scale problems

— Bottleneck at the frontend: Direct GUl — nodes architectures
» Linear performance in number of processes

— Human factors limit — mouse fatigue and brain overload

* Are tools ready for the task?
— Allinea is changing the game!
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allinea Petascale Tools Project

« Allinea is developing a petascale debugging tool
— Production Grade debugger
— Multi-year project — with usable intermediate results
— Commenced June 2009 — showing results already

« Building a multi-level tree for debugging
— One tool from 1 to 250,000 cores
— Goal of logarithmic performance scaling

« Scaling all aspects of debugging
— Step, attach, data checking, ...
— Many challenges ahead!
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allinea DDT: Petascale Debugging

 DDT is delivering petascale

DDT 3.0 Performance Figures

Jaguar XT5 debugging tOday

o6 — A collaboration with ORNL on

- [ Jaguar Cray XT
S o — Tree architecture —
g0 / al Breskport logarithmic performance
~ 0.06
§ 0.04 — Many operations now faster at

0.02 220,000 than previously at

0 1,000 cores
0 50,000 100,000 150,000 200,000
MPI Processes — ~1/1 Oth Of a second tO Step

and gather all stacks at
220,000 cores
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Scalable Process Control

rE83 3 SBBEEEA - » Control Processes by Groups

Current Group:| All = ‘Focus on current. (@ Group Process Thread Step Threads Together

Cureriy et EE“ — Set breakpoints, step, play, stop etc. using

e 98] user-defined groups

&Q 81 for(x=0;x<12;x++)

R T Ny N — Scalable process groups view

4 MPI_Init(&argc, &argv);

# ProjectFiles

+. 1 Source Tree AR MPT Comm rank (MPT (".OMM’WOPT.T). imv ranki . .

— Compact representation
+- {5 Header Files B
+- £ Source Files o slse

o — » Parallel Stack View

localTimers,getInitializationStopwatchO->stop():

amcCheckpoint.close<) s
:

s o i — Finds rogue processes faster

4| | | < o amnam B o e ardT s ek § o s b amd 263

Stdout I Stderr I Stdin (to current group) I Breakpoints IWatches \ Parallel Stack View I

el — ldentifies classes of process behaviour

16 = main {QMcBeaver cpp:35)
16 = gmeheaver {(QMcBeaver cpp:6d)

=~ AMCManager initialize { AMCManager cpp:58) H H
B TMIC Manager -initialize Calcuiation State (GMC Manager cpp:673 —_ OWS ra | ro u | n O ro Ce S Se S
~ - AMCRun:randomly InitializeWalkers (AMCRun.cpp:86)
: initializeWalker Position (QMCWalker cpp:1071)
izeWalkers (AMCRun.cpp:83)
- AMCWalker initialize (QMCWalker cpp:380)
- AMCFunctions initialize {AMCFunctions.cpp:50)

- AMCSlater allocate (Array2D.h:119)

- malloc (malloc.c:1092)
+ - dmalloc_malloc (malloc.c:825)
=~ AMCSlater :allocate (Array2D h:116)

= AMCRun:randomly Initialize¥Walkers {(AMCRun.cpp:80)
=~ ~GMCFunctions {&rray3D h:152)
e

+ - AMCManager initialize { QMC Manager .cpp:31)

@ o === —NNN——im

www.allinea.com SCALE TO NEW HEIGHTS




allinea Presenting Data, Usefully

s M— “ + Gather from every node
rocesses in current group (All, 189120 procs) X Align stack frames
L,m Bb — Potentially costly — if all data
different
]Value |Process(es) ‘ Count: )
0 036912151:392;22:52;83[3)1 Fitered: [0 | - ... easy |f Va|ueS mOSﬂy same
: asanumaDIN, i -
Aggregate [07\ - NeW |deaS
umerical [189120 | T
o ) « Aggregated statistics
il —— « Probabilistic algorithms
Maximum:D g

optimize performance — even
in pathological case

— With a fast and scalable
infrastructure, new things
become possible

» Watch this space!
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Where Next?

« DDT is the first Petascale debugger..

— A debugging tool has finally caught up with the hardware!
« Work is in progress to port every feature for scale
 Memory debugging, data visualization, ....

— How can the infrastructure be built upon?
» Does DDT offer the right framework for collaboration?
« Can we encourage a codebase of user-generated MPI tools/utilities?

... but large clusters are a fraction of HPC
— Most parallel development starts smaller
— Is now starting even smaller: GPUs
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CUDA Threads in DDT

* Run the code 2

CUDA Threads Biock | 0 [5][ o [Z}mnread| 15 [5][ 15 [§][ o [B}[ o |Gridsize:3z
— Browse source Project Files e®[Bedec @] N

f@Project Files 1841, 2, 1},
LS T 19 {0, o, o,
T-ﬁ ource Tree o0 {-1,-2,-1}

— Set breakpoints | Gender i b

4. &3Source Files 22 } .
23 f// 2D convolution filter using global memory

_ Stop at a Iine Of CU DA Code ? _{_global_ void conv2d_global{uchar4® in, uchar4* out, int

int x = threadIdx.x + blockIdx.x * BLOCK_SIZE;
int y = threadIdx.y + blockIdx.y * BLOCK_SIZE;
int index = {y * width + x);

[Son

— Stops once for each - - _
. = 5 oat4 output = make float4(0.0f,0.0f,0.0f,in[index].w
scheduled collection of blocks © dpragna ol

for(int cy=-1; cy=<=1; ++cy)

#pragma unroll

° SeleCt a CUDA thread 3 forlint cx=-1; exse; +ren)

— Examine variables and
Shared memory Threads Function

— 1 [ J-main (edge.cu:75)
Step a warp 321 iconv2d_global (edge.cu:35)

— View all extant threads in 480 mmmmm i conv2d_global (edge.cu:39)]
parallel tree view A
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 DDT 2.4.1 installed and waiting for you!
— “module load ddt” on Jaguarpf
— DDT will submit job for you

« Q4 2009
— Official DDT 2.5 release: some performance improvements
« ~16-32k cores

— Private ORNL access to latest DDT development

» Much faster process control and data comparison — able to reach 100k
cores and higher easily

« H1 2010

— Further development
» Scalable memory debugging and data export

— DDT 3.0 stable release with performance to 250,000 cores
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